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October-November 2011

Epidemiology and Surveillance
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Objectives

• Discuss basic principles of epidemiology and how they 
apply to surveillance

• Describe surveillance process and outcome measures for 
infection prevention

• Review basic surveillance practices: data collection, 
recording, analysis, interpretation, and communication 
of surveillance findings



Epidemiology

• Definition: Study of disease in populations

Clinical care:  focus on the individual
– vs –

Epidemiology: focus on the group

• In healthcare, answers questions such as: 
• Does care result in best outcome? 
• What % of the time?

• Allows assessment of trends over time
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Infection Prevention and Hospital 
Epidemiology

• “The discipline concerned with preventing…healthcare- 
associated infection

• A practical (rather than academic) sub-discipline of 
epidemiology

• An essential, though often under-recognized and under- 
supported, part of the infrastructure of health care 

• Akin to public health practice, practiced within the confines 
of a particular health-care delivery system rather than 
directed at society as a whole”

Wikipedia, 2011 
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http://en.wikipedia.org/wiki/Epidemiology
http://en.wikipedia.org/wiki/Public_health


Epidemiologic Surveillance 

Defined as 

• The ongoing, systematic collection, recording, 
analysis, interpretation and dissemination of data

• Reflects current health/disease status of a community or 
population (e.g. healthcare patients) 

• Used for public health action to reduce morbidity and 
mortality, and to improve health.
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Terminology

• Mean, median, mode of a data set
• Case finding
• Lab-based surveillance
• Incidence vs. prevalence
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What do all of these 
terms mean???



Measures of Central Tendency
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Evaluate which 
best describes 
your data set

•Mean 

•Median

•Mode



Mean
• Average value of a set of numbers
• Most affected by outliers

• To calculate:
▫

 
Add the values in the data set 

▫

 
Divide by total number of variables

Example:
0+0+2+0+0+3+
7+2+12+0+0+1 = 27

27 ÷ 12  = 2.25
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Mean



Median
• The midpoint of a distribution of values
• Same number of values above the 

median as below it

• To calculate:
▫

 
Order the values in the data set (low to 
high, or vice versa) 

▫

 
Identify middle value

Example: 
0,0,0,0,0,0, 1,2,2,3,7,12

0.5
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Median



• The most frequently occurring 
value in a data set

0,0,0,0,0,0,1,2,2,3,7,12

Mode
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Mode



Surveillance Terms

• Universal case reporting 
▫

 
a surveillance system in which all cases of a disease are 
supposed to be reported

• Case definition 
▫

 
the clinical and laboratory characteristics that a patient 
must have to be counted as a case for surveillance 
purposes

• Laboratory-based reporting 
▫

 
a surveillance method in which the reports of cases 
come from clinical laboratory data (forgoing case review) 

# 1-4-7
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Infection Rates
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Incidence rate = 

# of new cases of disease in a population
# of people at risk for getting the disease

Example:  10 HCWs out sick with influenza = 10%
100 unvaccinated HCWs

Prevalence rate = 

# of existing cases of disease in a population
# of people in the population

Example:  17 SNF pts TB skin test+ on admission = 17%
100 SNF patients



Flow of Surveillance Data

Collection

Analysis and 
interpretation

Dissemination 
and utilization

Collation and 
recording (reporting)

Surveillance

• A surveillance system is an information loop or cycle
• Starts and ends with communication and action



Endpoint of HAI Surveillance? 

Data that demonstrate progress in HAI Prevention!
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A good

reference to 

start!



Quality HAI Surveillance

Key tenets
• A written plan should serve as the foundation

• What HAIs am I tracking? Why? 
• How will data be used? 
• If only to meet mandates, how can data be used?  
• Where are opportunities to prevent HAI in MY facility?

• The intensity of surveillance needs to be maintained 
over time

• Stay consistent over time; apply same surveillance 
definitions



Recommended Practices for Surveillance

I. Assess the population 
II. Select the outcome or process for surveillance
III. Use surveillance definitions
IV. Collect surveillance data
V. Calculate and analyze infection rates
VI. Apply risk stratification methodology
VII. Report and use surveillance information

AJIC Am J Infect Control 1998; 26:277-88  
AJIC Am J Infect Control 2007; 35:427-40



Recommended Practices for Surveillance

I. Assess the population 



Patient Population at Risk for Infection 

Do you know…
• What infections occur most commonly?
• What infections are likely to occur?
• Where are greatest opportunities to prevent 

infections?
• What are our most frequently performed surgical or 

procedures? 

• What types of patients increase liability and/or costs 
for our facility? 



Procedure-associated Risk
• Infection risk varies by type of procedure
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Device-associated Risk

• Infection risk increases with use of invasive devices
• Higher risk with longer duration
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Incidence Density Rate
• Rate calculation that accounts for variation in time of 

exposure 
• For HAI surveillance: days of exposure

Incidence density rate = 

# of new cases of infection or disease in population
# of exposure periods (e.g. patient days or line days)

Examples:    # hospital onset CDI #CLABSI     
# of patient days # central line days 
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Patient- or Care-level Risk

• Infection risk varies by 
patient-specific risk 
factors

• Infection rates vary by 
patient care unit 
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NHSN 2009 Data Summary, 
published 2011



Recommended Practices for Surveillance

II. Select the outcome or process for surveillance



Outcomes vs. Process Measures

• Outcome - the result of care or performance 
▫

 
Infection

▫

 
Length of stay 

▫

 
Patient satisfaction 

• Process - series of steps that result in an outcome; 
adherence to polices and recommended practices
▫

 
Immunization 

▫

 
Central line insertion practices

▫

 
Hand hygiene
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Outcome Measures

Examples:
• CAUTI per 1000 foley catheter days (or patient days-?)

• CLABSI per 1000 central line days

• VAP per 1000 ventilator days

• CDI per 10,000 patient days 
• HO cases for incidence of CDI
• CO cases for prevalence of CDI 
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Process Measures

Examples:

• CAUTI prevention: % foley catheters with appropriate 
indication

• CLABSI prevention: % adherence to CLIP bundle (all or 
none)

• CDI prevention: thoroughness of environmental cleaning
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Recommended Practices for Surveillance

III. Use surveillance definitions



NHSN Infection Surveillance Definitions
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Look for updates to 
definitions at 

www.cdc.gov/nhsn

http://www.cdc.gov/nhsn


Alternative Surveillance Definitions
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Surveillance  
definitions also 
exist for settings 
that may not yet be 
covered by NHSN 
definitions

• Home care
• Long Term Care
• Clinics 
• Dental offices

See www.apic.org/AM or google “APIC surveillance definitions”

http://www.apic.org/AM


Surveillance Definitions
• Always refer to written definitions to ensure accuracy of 

applying case definitions
• Use standardized, published, validated definitions where 

available 
• Where not available, prepare written definitions to ensure 

intra-facility standardization 

• For accurate and valid comparisons, use the same 
definitions
• If definitions change, the comparability of rates over time 

will be compromised 
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Review NHSN Surveillance Definitions

EXERCISE (5 minutes): 

Refer to “NHSN Surveillance Definition Worksheets”

Review criteria for
Gastrointestinal infection (GE, GIT, IAB)
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Recommended Practices for Surveillance

IV. Collect surveillance data



Collecting Surveillance Data 

• Data collectors should include IP staff and others with 
responsibility or interest

• Limit collection to only what is needed

• Be involved in efforts that advance the electronic health 
record 
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Prospective vs. Retrospective

Concurrent or prospective surveillance

• Initiated when patient is still under the care

• Advantages 
▫

 
ability to capture information in real time

▫

 
interview caregivers

▫

 
observe findings not recorded in patient record 
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Prospective vs. Retrospective
Retrospective surveillance 

• Closed record review after patient has been discharged.

• Advantages: 
▫

 
allows for comprehensive review of sequential events

▫

 
efficient

• Disadvantage: 
▫

 
does not allow for prompt intervention  

• Avoid reliance administrative data, i.e. abstracted billing 
▫

 
may be useful for identifying possible HAIs

▫

 
not reliable or valid for HAI surveillance 
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Numerator Data Collection

Numerator = the “Event” being measured
Examples:

▫

 
HAIs identified through active surveillance: 

CLABSI, CAUTI, SSI, VAP

▫

 
HAIs identified by laboratory finding alone:  

CDI, MRSA BSI, VRE BSI

▫

 
Care practices, processes, observations:  

CLIP, hand hygiene compliance
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Denominator Data

• Denominator = Population at risk or total possible
• e.g. number of surgical patients or total #CLIP observed 

• Denominator data collection may involve collection of 
risk factor data necessary for risk adjustment
• e.g. age, birthweight, ASA score 
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Recommended Practices for Surveillance

V. Calculate and analyze infection rates
VI. Apply risk stratification methodology



Calculating Rates/Ratios by Denominator 
Type

• Total population at risk 
• Used to calculate a raw 

rate or incidence density 
rate

• Examples:  
5 SSI

300 APPY procedures     = 1.67

2 CLABSI
1500 line days            = 1.33

• Total number of events possible
• Used to calculate a ratio or 

proportion (a comparison of two 
numbers) 

• Examples: 
90 CLIPs w/100%-adherence 

100 line insertions          = 0.9 or 90%

31 hand hygiene (HH) observations 
50 opportunities for HH        = 0.62

218 patient days with central line
360 patient days              = 0.61
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X 1000

X 100



Using NHSN Data to Interpret Your HAI 
Data
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NHSN 2006-2008 Summary Data 
(referent period), published Dec 2009

NHSN 2009 Summary Data, published 2011



• Compare your CLABSI rate to pooled mean rate of same unit type
• Assess where your CABSI rate falls in the percentile distribution among all 
the same unit types that submitted CLABSI data to NHSN 



• Compare your Central line use or utilization ratio to pooled mean of same 
unit type

• Assess where your line utilization ratio falls in the percentile distribution among 
all the same unit types that submitted data to NHSN 



Tests of Significance

• Answers questions such as 
• Are my infection rates different (higher or lower) than the 

national rates? 
• Are changes in my rate over time meaningful? 

• p value  
▫

 
If value greater than 0.05, a difference is not statistically 
significant

• Confidence interval 
▫

 
If the range of values includes 1.0, your data are not 
statistically different 
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NHSN Rate Table
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Review your Data Findings!

Check first that all your infections are listed 
AND denominator data for each month 



NHSN Rate Table
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Shows your CLABSI rate and p- 
value to determine if significantly 
higher or lower as compared to 
NHSN rate (>0.05 NS)

Shows where your rate 
falls in the percentile 
distribution of all 
NHSN hospital rates 

Shows your device 
utilization ratio compared 
to all similar hospital 
units in NHSN data 2006- 
2008



NHSN Standardized Infection Ratio (SIR)NHSN Standardized Infection Ratio (SIR)
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• Driven by need for a summary measure 
• e.g. replaces multiple rate comparisons for SSI

• Adjusts for differences in infection risk 
• e.g. by type of procedure and associated risk factors of patients 

undergoing that procedure in your hospital

• SIR compares #HAIs reported by your hospital with the 
“predicted” #based on NHSN data (2006-2008)
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Interpreting SIR

•

 
Value of 1.0 = number of HAI observed in your hospital 
is the same as the predicted number of HAI 
compared to national referent data
• Less than 1.0 = fewer HAI than predicted
• Greater than 1.0 = more HAI than predicted

Note:  In NHSN, the SIR will only be calculated for your hospital if the 
predicted is >1 (because can’t have less than a whole person infected)
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Observed HAIs
SIR =    --------------------

Predicted HAIs

Examples:

If your hospital has 2 CLABSI per 1000 line days and national data 
predict 2.0 CLABSI per 1000 line days:   

SIR = 2  = 1.0
2.0 

If your hospital has 4 SSI per 100 Hip prosthesis procedures and 
national data predict 2.5 SSI:

SIR = 4  = 1.6
2.5 
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“How do I interpret whether our SIR is significantly 
different (higher or lower) than NHSN data?”

1. If the p-value is above 0.05, the observed difference is not 
statistically significant. 

2. If the 95% Confidence interval overlaps 1.0, the observed difference 
is not statistically significant. 

If the p-value is not significant, the confidence interval 
won’t be significant either and vice versa



52

“How are hospitals using the NHSN SIR?”

Example: Children’s Hospital Boston

SIR

1.0 2.00.5 1.5
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To discuss these findings:
1. “We had 9 CLABSI; 7.2 were expected. Our SIR is 1.25 or 25% higher 

than what would be predicted from national data.”
2. “However, this difference is not significantly different than the national 

hospital data because our estimate is not very precise.” *
3. “In fact, our SIR may be anywhere from 35% below to more than 

double the predicted value (.65 – 2.2).”
4. “We will continue to monitor CLABSIs. Observations over time (and 

more line days) will help us better understand how we compare. Our 
ultimate goal is to prevent all CLABSIs.”

Pretend this is “our” hospital.

SIR Interpretation - Example

* Due to limited surveillance experience, e.g. too few line 
days across hospital units with predicted low rates.
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To discuss these findings:
1. “We saw 74 CLABSI in 10,065 line days; 26.6 were predicted.”
2. The SIR is 2.78 or nearly 3 times higher than what would be 

predicted from national data.”
3. “This difference is significantly different than the national hospital 

data.”
4. “In fact, the precision of this estimate shows that our hospital is 

between 2 and 3 ½ times higher than predicted (C.I. 2.2 – 3.5).”
5. “We need to implement a CLABSI prevention program immediately.”

Pretend this is our hospital.

SIR Interpretation - Example 2
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• Models developed for each NHSN operative procedure  
• Specific factors found to increase SSI risk for that 

procedure
• Every patient undergoing a procedure in your hospital 

has a calculated SSI risk 
• Based on your surgical patient population, the expected 

(predicted) number of SSI can be calculated

SSI Risk Adjustment
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Example:  HYST
Factors in the risk adjustment model that add to SSI risk are

• Age equal to or younger than 44 years
• ASA score of 3, 4, or 5 
• Duration of surgery longer than 100 minutes (incision to close time)
• Procedure done at hospital major teaching hospital (from NHSN Annual Survey)
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The SSI probabilities are added 
together to get the predicted 
(expected) number of SSI for this 
surgical patient population

Interpreted as a 
5.0% risk of SSI 
for patient 1

Probability of SSI is 
calculated for each 
surgical patient  

SSI SIR is not different 
than predicted
• 3 SSI observed
• 2.9 SSI expected   

a HYST procedure



Recommended Practices for Surveillance

VII. Report and use surveillance information



Reporting and Using Surveillance Data

“ The demonstrable power of surveillance is in sharing 
findings with those who need to know and who can act on 
the findings to improve patient safety.”

• Plan for distribution of findings
• Report to health care providers most able to impact patient 

care 
• Report in a manner to stimulate process improvement
• Use visual displays of data 

• charts, graphs, tables, or other graphics data
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AJIC Am J Infect Control 2007; 35:427-40



Tables and Line Lists
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Bar Charts
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Pie Charts
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Line Graphs or Histograms
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From Surveillance to Prevention

63
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Questions?    
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